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Abstract
This study aimed to investigate the possibility of heat treated diatomite to be used as an adsorbent for Cr (VI) removal. The
optimal conditions for adsorption were determined by varying pH, contact time and amount of calcined diatomite at room 
temperature. The results showed that the efficiency of Cr (VI) adsorption was 68.0% at 1 ppm of Cr (VI) using 1.0 gram of 
calcinated diatomite with shaking rate 200 rpm for 30 min at pH 6. The adsorption isotherm of Cr (VI) can be described by
Langmuir isotherm.
© 2010 Published by Elsevier Ltd.
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1. Introduction
The amounts of chromium in nature are widely varied. In rocks, the Cr concentration varies from an average of 5
mg/kg to 1800 mg/kg. In soils, Cr occurs in low concentrations (2 - 60 mg/kg), but values of up to 4 g/kg have been 
reported in some uncontaminated soils [1]. Most of the Cr (VI) in the hazardous effects are generated from industrial 
activities. Cr (VI) is largely used in ferrochrome production, electroplating, pigment production and tanning. These 
industries can discharge Cr (VI) into draining systems and cause severe impact to the environment. There are several 
methods to remove Cr (VI) from contaminated water including coagulation, precipitation, ion-exchange and 
adsorption. Adsorption process has been shown to be a highly efficient method for removal of colours, odors, 
organic and inorganic pollutants [2]. Further adsorption technique uses less chemical and this can reduce the cost 
[3]. The variety of adsorbents are activated by carbon, activated charcoal and natural clays, have been studied for the 
adsorption of metals in wastewater [4], [5].
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Diatomite ).( 22 OnHSiO or diatomaceous earth is sedimentary rock composed of microfossil of aquatic 
unicellular algae commonly known as diatoms. The structure of these diatoms composed mainly of silica. The 
surface areas of diatomite are silinol group (Si – OH). The unique properties of diatomite are highly porous 
structure, low density, high surface area and chemical stability. Diatomite is used as filter aid in beverage industry to 
help clarify wine, beer and in water purification [6]. In addition, diatomite has been used as an adsorbent for heavy 
metals removal [7]. For this study the modified diatomite by calcination will be used in order to increase its affinity 
and adsorption capacity. The surface properties of diatomite are modified. The specific surface area and structure are 
very important factors influencing the adsorption [7]. To increased the surface area of adsorbent [1], [7] and a 
thermal procedure are used [8]. The use of diatomite is cheaper than activated carbon. Further the diatomite is 
locally available in the country. The use of treated diatomite to the adsorption of chromium has not yet been studied.
2. Experimental
Preparation of absorbent materials: Diatomite used in this work was received from Mae Tha deposit Lampang 
province. The diatomite was washed with distilled water for several times to remove fines and other impurities,
dried at 100 OC for 24 hours, desiccated and sieve through 100 mesh sieve.  For calcined diatomite, 50.0 grams of 
100 mesh diatomite was calcined at 800 OC  for 6 hours. All absorbent samples were kept in polyethylene zip lock 
bag in desiccator unit it was used.
Preparation of  Cr (VI) standard solutions: All working standard solutions (0.1, 0.3, 0.5, 0.8, 1, 2, 4, 6, 8 and 10 
ppm) were prepared by the serial dilution of 1000 ppm of  Cr (VI) standard stock solution.
The investigation of the optimum conditions of Cr (VI) removal:
pH of adsorption: A 50 ml of 1 ppm  Cr (VI) solution was added into 125 ml Erlenmeyer flask and adjusted pH 
to 4, 6, and 8 by using 0.1 M H2SO4 or 1M NaOH. 1.0 gram of diatomite adsorbent was added into each flask,
covered with aluminum foil and shaken at 200 rpm for 1 hour. Each experiment was duplicated and the blank 
solution used as control. The solution was immediately filtered through the filter paper. The filtrate was determined 
for the concentration of Cr (VI) by AAS.
Contact time of adsorption: A 50 ml of 1 ppm Cr (VI) solution was added into 125 ml Erlenmeyer flask and 
adjusted pH to 6. 1.0 gram of diatomite adsorbent was added into each flask, covered with aluminum foil and shaken 
at 200 rpm for 5, 10, 15, 20, 25, 30, 45 and 60 min, respectively.  Each experiment was duplicated and the blank 
solution used as control. The solution was immediately filtered through the filter paper. The filtrate was determined 
for the concentration of Cr (VI) by AAS. Amount of diatomite adsorbents: A 50 ml of 1 ppm Cr (VI) solution was 
added into 125 ml Erlenmeyer flask and adjusted pH to 6. 1.0, 2.0, 3.0, 4.0, 6.0, 8.0 and 10.0 grams of diatomite 
adsorbents were added into each flask, covered with aluminum foil and shaken at 200 rpm for 30 min. Each
experiment was duplicated and the blank solution used as control. The solution was immediately filtered through the 
filter paper. The filtrate was determined for the concentration of Cr (VI) by AAS.
3. Results and Discussion
Effect of pH: As shown in Figure. 1, the percent removal of Cr (VI) was from 10.0 – 25.0%. The maximum 
adsorption by diatomite was 25.0% at pH 6. For pH 4 and 8, there was no significant different of adsorption 
capacity.
Effect of contact time: The time-dependent behavior of the adsorption was measured by varying the equilibrium 
time between adsorbent and Cr (VI) in the range of 5 – 60 min. By using 1.0 gram of adsorbent, 1 ppm of Cr (VI) at 
pH 6 and 200 rpm of shaking rate, it could be in Figure 2. That percent removal of Cr (VI) was 6.0% at 30 min to 60 
min, and it was no significant different of percent removal of Cr (VI) between 30 min and 60 min. Therefore the 
optimum contact time was 30 min.
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Fig. 1. Effect of pH on adsorption capacity of Cr (VI) (conditions: diatomite adsorbent 1.0 gram, contact time 1 
hour, and Cr(VI) 1 ppm).
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Fig. 2. Effect of contact time (conditions: diatomite adsorbent 1.0 gram, pH 6, and Cr (VI) 1 ppm).
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Fig. 3. Effect of amount of adsorbents on Cr (VI) removal efficiency (conditions: pH 6, contact time30 min, and Cr 
(VI) 1 ppm).
Effect of amount of adsorbents: The eěect of amount of adsorbents were studied in the range of 1.0 gram to 10.0 
grams adsorbents with shaking rate at 200 rpm for 30 min. In Figure 3, the result showed that the percent removal of 
Cr (VI) was increased up to 68.0% by using 10.0 grams of diatomite adsorbent. It showed be note that Cr (VI) 
removal efficiency was depend on the amount of adsorbent. Therefore 10.0 grams of adsorbent was the optimum 
condition for this study.
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Fig. 4. Fruendlich isotherm
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Fig. 5. Langmuir isotherm
In order to evaluate diatomite as adsorbent, the adsorption isotherm was carried out to determine the maximum 
capacity of Cr (VI). From the Figure 4 and 5, the results showed that the R2 of Langmuir isotherm was higher than 
Fruendlich isotherm.
4. Conclusion 
In this study, the diatomite clay was investigated for the removal of Cr (VI). The optimum conditions for Cr (VI) 
removal were as follows: 10.0 grams of diatomite, 30 min of contact time at pH 6 with 200 rpm of shaking rate. The 
efficiency for removal of Cr (VI) was 68.0%. The adsorption isotherm showed to be Langmuir isotherm with R2 = 
0.9462.
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